Some physicochemical properties of calfskin pepsinsolubilized collagen (PSC) and succinylated PSC (SPSC) were compared. The amino acid profile remained significantly unchanged. Sodium dodecylsulphate-polyacrylamide gel electrophoresis showed that subunits of SPSC migrated less than those of PSC. The denaturation temperatures of PSC and SPSC were 38.4 C and 34.7 C respectively. Succinylation slightly altered the triple-helical conformation of collagen, as determined by circular dichroism.
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There are abundant collagens in food offals, such as skin, bone, tendon, scales and so on, which could be valuable sources of commercial collagen. Collagen has many special characteristics, such as biodegradability and weak antigenicity, and finds applications in the cosmetic, biomedical, and pharmaceutical industries. 1) There are many methods for preparing soluble collagen, such as acid, alkali, and enzyme treatments, which influence the physicochemical properties of the resulting collagens.
2) Pepsin is commonly used in preparing soluble collagen. Pepsin-solubilized collagen (PSC) has no N-or C-telopeptides, which are considered to be the antigen sites of collagen. Therefore, PSC is recognized as a potential biomaterial. However, PSC is generally dissolved in weak acid solutions, such as acetic acid, citric acid, etc., and will not dissolve in water, which limits its application. Proper chemical modification can be a good choice for overcoming this limitation of PSC. Succinylation has been widely used in soy protein modification in food industry 3, 4) and in collagen modification in the biomedical field, such as time-regulated released drugs, 5) vascular prostheses, 6) and biomaterial carriers with a porous structure. 7) In order to apply succinylated collagen much more efficiently, it is of importance to study its physicochemical properties. In this study, succinylation was chosen for PSC modification, and some physicochemical properties of PSC and succinylated PSC (SPSC) were compared with each other in order to examine the effect of succinylation on the physicochemical properties of PSC.
Fresh calfskin (1,000 g) was unhaired in 200% limed liquor with 15 g Na 2 S and 50 g lime powder for 48 h, and then delimed with 20 g NH 4 Cl and 4.2 ml HCl (37%), followed by rinsing with distilled water. It was then cut into smaller pieces and pulverized with a mill (Fritsch puluterisette 14, ldar-Oberstein, Germany). The pulverized pelts were extracted with 30 volumes of 0.5 M acetic acid containing 1% pepsin (calculated to the dry weight of treated hide pulverized pelt) in a range of 2-10 C for 48 h. The supernatants of the extracted solutions were collected by centrifugation at 10;000 Â g for 15 min at 4 C, and then salted out by adding NaCl to a final concentration of 3 M, followed by centrifugation under the same condition. The precipitate was sufficiently dissolved in 0.5 M acetic acid and salted out in 0.7 M NaCl solution. The resulting precipitate was collected by centrifugation at 10;000 Â g for 20 min and then redissolved in 0.5 M acetic acid, followed by dialyzation against 0.1 M acetic acid. The resultant collagen was lyophilized in a freeze dryer in a range of À50 C to À40 C for 48 h (Labconco Freeze Dryer FreeZone 6 Liter, Kansas City, USA).
The lyophilized PSC was dissolved in 0.1 M acetic acid to obtain a concentration of 5 mg/ml. Succinic anhydride was added at a level of 50% of the weight of PSC. 3, 4) The pH was maintained at 9 by the addition of 1 M NaOH. The degree of succinylation was controlled at above 90% by the trinitrobenzene sulfonic acid method.
8) The succinylated PSC (SPSC) was dialysed for 48 h against distilled water at 4 C to remove the excess anhydride. The result SPSC was also lyophilized.
In order to determine the concentration of primary amino acid groups, PSC and SPSC were dissolved in 0.1 M acetic acid and distilled water respectively, at a concentration of 5 mg/ml. A sample solution (0.250 ml)
y To whom correspondence should be addressed. Tel: +86-28-85462568; Fax: +86-28-85400530; E-mail: liguoyings@163.com Abbreviations: PSC, pepsin-solubilized collagen; SPSC, succinylated pepsin-solubilized collagen was mixed with 2.00 ml of 0.2125 M sodium phosphate buffer (pH 8.2) and 2.00 ml of 1 g/l trinitrobenzene sulfonic acid, followed by incubation in the dark for 60 min at 50 C. The reaction was quenched with 4.00 ml of 0.100 M HCl, and absorbance was read at 340 nm. A 1.5 mM L-glycine solution was used as standard.
PSC and SPSC (dissolved in 0.1 M acetic acid and distilled water respectively, at a concentration of 0.5 mg/ml,) was titrated with 0.25 M NaOH or 0.25 M HCl, and the Zeta potentials at a given pH were recorded with a Zeta potential titration apparatus (Malven Zetaweight Nano ZS, Malven, UK). The titration temperature was 25 C and the pH intervals were 0.5-pH value. The change in Zeta potential was plotted against the changes in pH for the samples. The isoelectric points of the samples were determined at a pH value where the Zeta potential was zero.
PSC and SPSC were dissolved in 0.1 M acetic acid and distilled water respectively, at a concentration of 0.02 mg/ml. Both the samples were filtrated through a filter funnel (40-80 mm) and degassed by centrifugation. The viscosity was determined using an Ubbelohde viscosimeter (Viscometer WSN-1, Ningbo, China). A 15 ml solution was incubated for 15 min at 20 C, and then the efflux time (t) was recorded. The efflux time (t 0 ) of 0.1 M acetic acid solution (solvent for PSC) and water (solvent for SPSC) were also determined under the same conditions. The specific viscosity ( sp ) was calculated by (t-t 0 )/t 0 .
There were great differences in certain properties between PSC and SPSC. SPSC dissolved in water, while PSC dissolved in acetic acid and precipitated in water. The isoelectric point and the primary amino acid groups of SPSC (3:5 AE 0:5 and 0:018 AE 0:004 mmol/mg respectively) were lower than those of PSC (8:0 AE 0:5 and 0:184 AE 0:020 mmol/mg respectively). Taking the concentrations of 0.2 mg/ml at 20 C for consideration, the relative viscosity and intrinsic viscosity (dl/g) of SPSC (2.71 and 39.46 respectively) were higher than those of PSC (1.69 and 22.17 respectively).
The grafted reagent (succinic anhydride) introduced new amide bonds, viz., '-NHCO(CH 2 ) 2 COOH,' consumed the primary amino groups, and resulted in more carboxyl groups in the modified process for PSC. Therefore, the ratio of acidic residues to basic residues in collagen increased, and this led to the acidic isoelectric point and dissolution in water. In addition, SPSC with increased negative charges acted as an anionic reservoir to hold the cationic drugs by ionic binding, which permitted only time-regulated release of drugs. 9) Meanwhile, the relative viscosity and intrinsic viscosity of SPSC became about 1.6-fold and 1.8-fold higher than those of PSC respectively, also because of the increase in negative charges of PSC and the hydrodynamic volume of the modified collagen.
Lyophilized samples (10-20 mg) were hydrolyzed using 6 M HCl at 110 C for 24 h. HCl was vaporized, and the residues were dissolved in 25 ml citric acid buffer for amino acid composition analysis (Hitachi 835-50 Amino Acid Analyzer, Wokingham, UK).
The type I collagen molecule is a heterotrimer, being composed of two 1 (I) and one 2 (I). The chains are composed of a series of triplet Gly-X-Y sequences in which X and Y are frequently proline and hydroxyproline respectively, accounting for about one fifth of the amino acid composition together. Chemical modification might cause some effect on some amino acids under certain conditions. SPSC had a similar amino acid composition to PSC, i.e., glycine and imino acids (proline and hydroxyproline) accounted for one third (33-34 mol %) and about one fifth (19-21 mol %) of all the amino acids respectively. There have been many reports on the effects of chemical modification on some amino acids of proteins. For example, there was a decrease in lysine and proline for soy protein after succinylation, 10) and a slight decrease in phenylalanine in succinylated oat protein.
11) Nevertheless, the amino acid composition of SPSC showed no marked change following succinylation of PSC (data not shown).
PSC or SPSC (5 mg/ml) was mixed with 0.5 M TrisHCl buffer (10 g/l SDS, 100 g/l glycerol, and 0.1 g/l bromophenol blue, pH 6.8) to reach a final collagen concentration of 1 mg/ml, and then boiled for 5 min respectively. Treated samples (15 ml) were injected into 75 g/l polyacrylamide gel wells and run for about 120 min. The gel was stained with 2.5 g/l Coomassie Brilliant Blue R-250 for 45 min and destained with 75 g/l acetic acid and 50 g/l methanol solution until the bands were clear. Figure 1 shows the SDS-PAGE patterns of the samples. Both PSC and SPSC displayed two bands, which were the unfolding polypeptide chains of a triple helix ([ 1 (I)] 2 [ 2 (I)]), and one band, which was the dimer of the chains. Because insoluble collagen of calfskin has less intermolecular cross-linkage than those of the kip, cow, and steer hide, the pepsin effectively eliminated the telopeptides of insoluble collagen to solubilize collagen with less polymerized subunits. Thus there was no detection of the 11 chain, the 12 chain, or the chain. The molecular mass of PSC was about 300 kDa (about 200 kDa for the chain, about 100 kDa for the 1 chain and the 2 chain respectively), while the molecular mass of SPSC (estimated to be about 305 kDa) was more than that of PSC. The subunits of SPSC migrated less than those of PSC, probably due to grafted reagent introduction and the increase in molecular weight by the addition of succinyl residues. The results of SDS-PAGE analysis were in agreement with the values of the intrinsic viscosities of PSC and SPSC. The intrinsic viscosity of SPSC was about 1.8-fold higher than that of PSC. In addition, the results of SDS-PGAE analysis also showed that the polypeptide chains of PSC were uninterrupted in the modification process. The denaturation temperature was determined from viscosity changes using an Ubbelohde viscosimeter from 25 C to 50 C. The fraction was calculated with the equation: F (T) = ð sp(T) À sp(50 C) Þ=ð sp(25 C) À sp(50 C) Þ. The denaturation temperature was determined as the middle point temperature, F ¼ 0:5.
The triple helix of native collagen can transform to random coil in the denaturation process, accompanied by changes in physical properties such as viscosity, solubility, and optical activity, due to the collapse of the triple helical structure.
12) The fractions of the viscosities of PSC and SPSC plotted against temperature are given in Fig. 2 . The denaturation temperatures of PSC and SPSC were about 38. 4 C and 34.7 C respectively. Although the collagen samples were dissolved in different solvents, there were similar intrinsic causes for the helix-coil transition. The helix-coil transition of collagen involves a breakage of hydrogen bonds between adjacent polypeptide chains of collagen molecules in the thermal denaturation process.
There are negative effects of chemical modification on the thermal stability of triple-helical conformation, involving variations in the content of the primary amino groups or the carboxyl groups. 13) Nevertheless, there was only a limited influence of succinylation on the secondary structure and thermal stability of the modified collagen.
PSC and SPSC were dissolved in 0.1 M acetic acid or distilled water respectively, in a concentration of 0.5 mg/ml. The solutions were scanned in a wavelength range from 190 to 250 nm at 15 C and their molar ellipticity [] was recorded using a circular dichroism apparatus (Jasco J-500C, Tokyo, Japan).
Native collagen adopted the polyproline II-like helical conformation with a negative minimum absorption band around 190 nm and a weak positive maximum absorption band at 210-230 nm. CD spectra of the samples are shown in Fig. 3 . PSC and SPSC both displayed a positive maximum peak at around 221 nm and a negative minimum peak at about 192 nm, suggesting a typical triple helical conformation. 14) However, there were still some decreases in the intensity of the positive peak for SPSC, indicating a slight loss of triple-helical conformation caused by chemical modification. In general, hydrogen bonds are the most important force maintaining stability of the triple-helical conformation. Succinylation consumed the primary amino residues of lysine, causing a loss of H donors of hydrogen bonds. In addition, negative charges of new grafted carboxyl groups led to the repulsion of collagen molecules that would decreased the conformation stability of SPSC, but this modification did not markedly alter the triple-helical conformation of SPSC under the experimental conditions.
Many properties of SPSC differed from PSC after succinylation. SPSC dissolved in water and had higher Physicochemical Properties of Succinylated Collagenrelative viscosity and intrinsic viscosity than did PSC. Electrophoretic analysis in denaturing conditions showed that SPSC subunits (, 1 , and 2 ) had less migration than PSC subunits, probably due to grafted reagent introduction and the increase in molecular weight due to the addition of succinyl residues. In addition, the denaturation temperature of SPSC was about 4 C lower than that of PSC. Furthermore, succinylation did not significantly change the amino acid composition and only slightly altered the triplehelical conformation of collagen.
